ERROR ANALYSIS FOR THE OBJECT CLASSIFICATION BASED ON AERIAL IMAGES (BY GROUND TRUTHING)
The area of the relevant objects, where an incorrect classification would have influenced the results of the exposure analysis, takes up 243 ha of the 736 ha area which had been randomly selected for ground truthing from 6236 ha in the Area Under Investigation (AUI) Rhine-Hesse (Table S 1 ). Ground truthing showed that 12.3 ha out of the 243 ha had been classified incorrectly.
This figure corresponds to an error rate of 5.1 % in total. 94.9 % of the areas were classified correctly. The greatest error occurred in the capture (i.e., classification) of vineyards as orchard areas. 46 objects with a total area of 7.49 ha were classified incorrectly and off-target drift of fenoxycarb was assumed to occur from this area in the exposure analysis whereas, in reality, this fenoxycarb drift would not have occurred. This error can be explained by the pergola-like construction of the vines with a wide distance between the rows which, in the aerial image only differs with regard to the context of the object, but not with regard to the appearance of espalier fruit.
Orchards were never classified incorrectly as vineyards.
The second largest error involves the incorrect classification of orchard areas as biotopes (0.74 ha in total, 0.31 % of the proportion of the area of the relevant objects).
This error occurred because it is sometimes difficult to differentiate between thesetwo categories in aerial images. For commercial reasons, many orchard areas are no longer farmed by the fruit-growers, and are in a state of transition. Figure S 2 shows different orchards types (single trees, high trees and low trees plantations).
The error rates in AUI Middle Rhine valley and Lake Constance were 0.7% and 2.1%.
Neither of the errors are systematic but are due to peculiarities regarding the landscape structure. The error rates are reasonably small and effects on the result of the exposure analysis from aerial images were deemed to be of low practical significance so that no further evaluations of classification errors were conducted.
Supporting information to: K. Thomas 
BASIC DRIFT VALUES AND REGRESSION FUNCTION PARAMETERS PUBLISHED BY JULIUS KÜHN INSTITUT, BRAUNSCHWEIG, GERMANY (JKI) AND USED FOR ESTIMATING THE PDIA EXTENSION IN THE RE-

FINED APPROACH
The basic drift value function f(x) = a  x b with parameters shown in Table S 
Calculation of the filtering effect of high growing biotope vegetation
Data to estimate the effect of interception in the biotopes were taken from drift experiments conducted by Gove 4 and Koch et al. 5 . In these studies, however, different experimental designs and methods for the calculation of deposits had been applied.
Therefore, the individual measured data of Gove 4 and Koch et al. 5 were normalised to the same basis of reference by the following steps:
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• The residue concentrations measured in the treated target areas were set to 100 %. A hypothetical hedge located directly adjacent to the target area would therefore also have received 100 % deposition on the outer leaves (on the edge of the treated area).
• Measured deposition on two-dimensional structures was transformed by means of an extrapolation factor of 5 to deposition on three-dimensional structures. The factor of 5 was chosen according to ESCORT 2. 6 This transformation was necessary for the Gove 4 study because different measuring methods had been used in the orchard and in the hedge. The reference system used by Koch et al. 5 , (normalising residues in the treated area to 1 g/ha) was adapted to the actual deposition measurements in the hedge.
• The deposition values measured for individual distances were grouped into distance classes (cf. the other hand, failure to use the available information and thus neglecting the filtering effect of the 3D-structures (which unequivocally exists) would have made the overall risk assessment less precise and/or realistic. Therefore, the higher tier exposure assessment presented here, that makes use of high resolution geodata and integrates drift and drift interception, should be understood as a "straw-man" proposal on how refinements could be applied to risk assessments of pesticide use in an agricultural landscape. a The treated area and also the exposed face of the hedge were assumed to receive 100% deposition, for the purpose of this evaluation the hedge was considered to begin directly adjacent to the treated orchard area (deposition on hedges in ≥ 0.1 m distance is not affected).
The function with the general equation:
(1) 
and Distance (3) with y = deposition (in percent) and x = distance (in metre) and R² = 0.99
The above equations were then used to calculate the distance necessary to ensure residues would decline to the regulatory acceptable deposition concentration. 
Example calculation
The regulatory acceptable deposition of fenoxycarb in Germany was set to 0.0975 g/ha.
An example calculation, showing how wide a biotope would have to be for the exposure level to reach or fall below this regulatory acceptable level, is shown below.
The example calculation below is based on the assumption that the biotope begins at a distance of 3 m from the treated orchard, which is the default regulatory worst case.
Deposition at the outer edge of this biotope (i.e. the edge facing the orchard) would be equivalent to 0.876 g/ha of fenoxycarb. This value results from assuming an application of 150 g/ha, worst-case drift dispersal according to the basic drift values The regulatory acceptable deposition of 0.0975 g/ha is equivalent to 11 % of this default deposition at the outer edge of the "example biotope". As shown in equation (4) below, the drift would need to pass through a further 5.15 m of the "example biotope"
in order to drop to 11 % of the level at the outer edge, i.e. in order to drop to a regulatory acceptable level. In other words: The outer 5.15 m of the "example biotope" could still be impacted by drift and would be part of the PDIA.
Depth of the PDIA = m 15 . 
WEIGHTING OF THE MAXIMUM STEP 3 PDIA FROM THE DEFAULT SCE-NARIO WITH THE WIND DIRECTION DISTRIBUTION
The worst case PDIA from Step 3 (i.e. the largest PDIA for the 8 cardinal wind directions) is a conservative estimate, because it is based on the unrealistic assumption that the wind is always blowing towards the potentially vulnerable areas at high speed. In reality, the frequency of the wind direction determines the probability with which a biotope might be affected by drift. A more realistic estimate of the PDIA can therefore be achieved by weighting the calculated 8 PDIAs with the probability of the wind blowing in that direction. Statistics on the distribution of the winds with speeds The worst case direction for Rhine-Hesse (Refined Approach), with a PDIA of 33.97 ha, is 90 degrees, i.e. the maximum PDIA is located east of the treated area.
If the wind blows from different directions during two consecutive treatments of the same orchard area, it is clear that the total PDIA becomes larger than in the case of identical wind directions. However, it is not possible to simply add the areas for the two wind directions because the drift plumes of the two applications overlap to a greater or lesser extent, depending on the landscape structure and the precise direction of the wind (Figure S 3) . Even in the case of opposite wind directions, the potential for overlap cannot be completely excluded, e.g. when a narrow hedge is situated between two neighbouring orchards.
Supporting information to: K. Thomas Table S 7. If, for instance, the product is applied on the first spray date with a southwest wind in Rhine-Hesse (affected biotope area at a direction of 45 degrees) while, on the next application day, there is a west wind (affected biotope at a direction of 90 degrees), then a total of 21.02 ha of the biotope area is potentially drift-impacted by the two applications. Since the fenoxycarb residues on the leaves available to Non-Target Arthropods decline quickly (DT 50 = 1.4 days) relative to the interval between applications, it is irrelevant in terms of the maximum exposure level whether a certain proportion of the area receives drift from only one or both applications. The important aspect is the total maximum area that can be affected by drift following the two applications. This area is estimated by summing the two individual areas for the respective direction (see Table S 6) and then subtracting the area of overlap (Table S 7) .
As an example, if the wind was blowing towards the 45° direction during one applica- 45°, the drift-impacted biotope section is located to the northeast of the treated area
Worked example: Influence of the wind directional distribution for RhineHesse in the Refined Approach
Long term statistical data on the directional distribution of winds with speeds < 5 m/s (i.e. for applications according to good agricultural practice) for Rhine-Hesse in the months of March to May (when fenoxycarb is being applied), provided by the DWD (German Weather Service), are listed in Table S 5.
The prevailing wind direction was North-East, with 24 % of the recordings being from this direction. Wind direction matrices that reflect the frequency (probability) of the occurrence of combinations of wind directions can be generated from the wind direction distributions for Rhine-Hesse (Table S 9 ).
The figures in Table S 8 The results, obtained by weighting the PDIAs shown in Table S 8 with the probability for the respective wind combination from Table S 9, are shown in Table S The sum of all of the 64 individual areas defines the potentially drift-impacted biotope area under the wind conditions typical for the respective region. After two applications of fenoxycarb (each at 100 g/ha) to those orchard crops where fenoxycarb use is authorised, assuming median (50 th percentile) drift conditions (justified by the multitude of applications) and considering the typical wind distribution for the region, the PDIA is 50.81 ha (sum of individual areas shown in Table S 10). 
RESULTS FOR THE LAKE CONSTANCE AND MIDDLE RHINE VALLEY AREAS
SOME DETAILS ON STEP 3: DIRECTIONAL EXPOSURE ANALYSIS
The objective of Step 3 was to expand the omni-directional analysis from Step 2 by determining the potentially impacted biotope area for each of the eight cardinal wind directions (following the approach of Hendley et al. 10 ).
In the default approach, dispersion of drift in the eight cardinal wind directions was modelled using the basic spray drift values (scenario 'orchard early'), i.e. interception by the dense vegetation of hedges or bushes was not taken into consideration (this was part of the Step 4 analysis). The following individual actions were taken to determine the potentially drift-impacted area (PDIA): 
